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54) ULTRA-HIGH MOLECULAR IMPLANTATION MATERIAL 

*57)Abstract: 

D ROBLEM TO BE SOLVED: To impart both of excellent dynamic characteristics and rapid biodegradability by 
ntroducing biodegradable groups degraded in an implanted region into both terminals of a water-soluble 
straight chain high polymer piercing the cavity of a cyclic molecule to provide a molecular structure wherein 
:he cyclic molecule is not dissociated so far as the terminal groups are not degraded, 

SOLUTION: Polyethylene glycol being a straight chain high polymer or a block copolymer of polyethylene glycol 
and polypropylene glycol pierces the cavity parts of a plurality of cyclic molecules (cyclodextrin). Oligopeptide 
chains, oligosaccharides or ester groups are introduced into both terminals of the block copolymer as 
nolecular chains (biodegradable groups) degraded in an implanted region in a time-specif ical manner. By this 
constitution, dynamic characteristics necessary for tissue reconstruction can be developed by an ultra- high- 
nolecular structure consisting of cyclic molecules and the straight chain high polymer After reconstruction, an 
m plantation material can disappears rapidly from the implanted region by the dissociation of ultra-high 
nolecules based on the hydrolysis of the terminal groups. 
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< NOTICES * 

fPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

This document has been translated by computer. So the translation may not reflect the original precisely. 

shows the word which can not be translated. 
Lin the drawings, any words are not translated. 



)LAIMS 



Claim(s)] 

Claim 1] The superrnolecule enthesis ingredient characterized by having the molecular structure from which a 
yclic molecule is not desorbed unless the biodegradation nature machine disassembled by the enthesis part is 
itroduced into the both ends of the water-soluble straight chain-like macromolecuie which penetrated the 
avity of a cyclic molecule and this end group decomposes. 

Claim 2] It is the superrnolecule enthesis ingredient of claim 1 which disassembles a biodegradation nature 
lachine after specific time amount in an enthesis part. 

Claim 3] Specific time amount is the superrnolecule enthesis ingredient of claim 2 which is the time amount 
fter reconstruction of a body tissue. 

Claim 4] Claim 1 by which crystailinity, the hydrolysis rate of an end group, the desorption rate of a cyclic 
lolecule, and the amount of penetration per chain are controlled thru/or one superrnolecule enthesis ingredient 
f 3. 

Claim 5] Claim 1 thru/or 4 superrnolecule enthesis ingredients whose end group of a straight chain-like giant 
lolecule is an oligopeptide chain, an oligosaccharide chain, or an ester group. 

Claim 6] Claim 1 by which macromolecuie quantification of the end group of a straight chain-like 
lacromolecule is connected and carried out with the suitable reactant compound thru/or one superrnolecule 
nthesis ingredient of 5. 

Claim 7] They are claim 1 whose cyclic molecule is alpha-, beta-, or gamma-cyclodextrin and whose number 
verage molecular weight of a water-soluble straight chain-like giant molecule is 200-5000 in the block 
opolymer of a polyethylene glycol or a polyethylene glycol, and a polypropylene glycol thru/or one 
upermolecule enthesis ingredient of 6. 

3laim 8] The repeat unit of the end group of a straight chain-like macromolecuie is 1-5. As configuration amino 
cid An alanine, A valine, a leucine, an isoleucine, a methionine, a proline, a phenylalanine, A tryptophan, an 
spartic acid, glutamic acid, a glycine, a serine, Threonine, a thyrosin, a cysteine, a lysine, an arginine, and a 
istidine either Independent or the oligopeptide chain which consists of plurality, The oligosaccharide chain with 
fhich a repeat unit is 1-5, and consists of a dextran, hyaluronic acid, a chitin, chitosan, an alginic acid, 
hondroitin sulfate, and starch as a configuration polysaccharide or claim 1 which has an ester group thru/or 
ne superrnolecule enthesis ingredient of 7. 

Dlaim 9] The superrnolecule ingredient characterized by having the molecular structure from which a cyclic 
lolecule is not desorbed unless the resoivability radical to hydrolyze is introduced into the both ends of the 
rater-soluble straight chain-like macromolecuie which penetrated the cavity of a cyclic molecule and this end 
roup decomposes. 
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Detailed Description of th e Invention] 
(3001 ] 

Field of the Invention] Invention of this application relates to the new supermolecule enthesis ingredients which 

an be widely used for enthesis including the orthopedics field. 

3002] 

Description of the Prior Art] Conventionally, various biodegradation nature macromolecules have been used for 
le purpose of reconstruction of the hard tissue or tissue in orthopedics, an oral surgery field, etc. Poiyiactic 
cid, the Pori (lactic-acid-glycolic acid) copolymer, etc. are aliphatic series polyester, and these biodegradation 
ature macromolecule has mainly realized decomposition disappearance after the reinforcement which holds an 
rganization over several months, and reconstruction by controlling the outstanding dynamics property and 
onenzymatic hydrolysis nature. 

3003] However, the polyester which in the case of the enthesis ingredient of these former consists of a 
ydrophobic principal chain in order to gain the reinforcement as an enthesis equipment is made into high 
rystallinity according to fabrication conditions, and the problem has arisen to the hydrolysis nature after 
rganization reconstruction on the contrary. Moreover, since it gets down by nonenzymatic hydrolysis and the 
[©degradation of polyester is usually determined by the invasion rate of the water to the inside of an 
igredient, and the hydrolysis rate of an ester group, With the enthesis equipment by which current use is 
arried out, since it was high crystallinity, invasion to the crystal part of water was restricted, even if the 
igredient was unnecessary after organization reconstruction as a result, it did not disappear easily from the 
nthesis part, but the local inflammatory response is caused by becoming particle-like on the contrary and 
3maining. 

3004] Thus, it was impossible to have designed the ingredient which combined a dynamics property required 
>r organization reconstruction with the conventional technique and decomposition evanescence prompt [ after 
^construction ] as a matter of fact. Then, implementation of the ideal enthesis ingredient which combined the 
/namics property excellent in the basis of such a background and prompt decomposition evanescence was 
ssired strongly. 
)005] 

^eans for Solving the Problem] Invention of this application offers the new supermolecule enthesis ingredient 
hich demonstrates a dynamics property required for the maintenance immobilization at the time of 
rganization reconstruction, and the quick decomposition disappearance property after organization 
^construction in view of the trouble of the biodegradation nature macromolecule in the above conventional 
i:hopedics and conventional oral surgery field of a passage. 

H306] That is, the biodegradation nature machine disassembled by the enthesis part is first introduced into the 
3th ends of the water-soluble straight chain-like macromolecule which penetrated the cavity of a cyclic 
olecule to the 1st, and invention of this application offers the supermolecule enthesis ingredient characterized 
/ having the molecular structure from which a cyclic molecule is not desorbed, unless this end group 
composes. And the supermolecule enthesis ingredient by which crystallinity, the hydrolysis rate of an end 
oup, the desorption rate of a cyclic molecule, and the amount of penetration per chain are controlled the 4th 
the supermolecule enthesis ingredient whose specific time amount is the time amount after reconstruction of 
body tissue the 3rd about the supermolecule enthesis ingredient which disassembles [ in / about said 
ithesis ingredient / in the 2nd / in invention of this application / an enthesis part ] a biodegradation nature 
achine after specific time amount is offered. 
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0007] Invention of this application relates to said one of enthesis ingredients. Moreover, to the 5th The end 
[roup of a straight chain-like giant molecule the supermolecule enthesis ingredient which is an oligopeptide 
;ha in, an oligosaccharide chain, or an ester group to the 6th One by which macromolecule quantification of the 
*nd group of a straight chain-like macromolecuie is connected and carried out with the suitable reactant 
compound of supermolecule enthesis ingredients to the 7th A cyclic molecule is alpha-, beta-, or gamma- 
;yclodextrin. A water-soluble straight chain-like macromolecule One whose number average molecular weight is 
:0G-500Q of supermolecule enthesis ingredients is offered with the block copolymer of a polyethylene glycol or 

polyethylene glycol, and a polypropylene glycol. 
3008] Invention of this application as the 8th further again the end group of a straight chain-like 
lacromolecule A repeat unit is 1-5. As configuration amino acid An alanine, a valine, A leucine, an isoleucine, a 
lethionine, a proline, a phenylalanine, A tryptophan, an aspartic acid, glutamic acid, a glycine, a serine, 
"hreonine, a thyrosin, a cysteine, a lysine, an arginine, and HISHICHIJIN either Independent or the oligopeptide 
hain which consists of plurality, The supermolecule enthesis ingredient which has the oligosaccharide chain 
nth which a repeat unit is 1-5, and consists of a dextran, hyaluronic acid, a chitin, chitosan, an alginic acid, 
hondroitin sulfate, and starch as a configuration polysaccharide, or an ester group is also offered. 
3009] The supermolecule ingredient characterized by invention of this application having the molecular 
tructure from which a cyclic molecule is not desorbed unless the resolvabiiity radical to hydrolyze is 
itroduced into the both ends of the water-soluble straight chain-like macromolecule which penetrated the 
avity of a cyclic molecule as the 9th and this end group decomposes is also offered. It is the description that 
le structure of demonstrating a dynamics property is based on formation of the supermolecule aggregate in 
ivention of this application unlike the conventional biodegradation nature polymeric materials. That is, with the 
upermoiecule enthesis ingredient of this invention, that dynamics property is acquired by the crystallinity of 
ie supermolecule which the water-soluble straight chain-like macromolecule penetrated to many cyclic 
lolecules by the crystallinity of the macromolecule which consists of a repeat of a hydrolysis nature machine. 
* introduced into the end of a straight chain-like macromolecule with the supermolecule enthesis ingredient of 
lis invention although that it is high crystallinity made hydrolysis nature difficult conversely in the 
iodegradation nature macromolecule from the former since all the ester bonds that are repeat units needed to 
/drolyze — the cyclic molecule penetrated when a high resolvabiiity radical hydrolyzed — - it ****s promptly, 
id it dissolves and disappears from an enthesis part. 

)010] It has the advantage which can control independently reservation of the dynamics property by 
jpermolecule formation, the disappearance property by quick dissociation of a supermolecule based on 
/drolysis of an end group, and two different properties by the supermolecule enthesis ingredient of this 
ivention, respectively. The design of the various enthesis equipments conventionally used in the reconstruction 
sld of various organizations, such as orthopedics and an oral surgery field, will be changed from the bottom by 
lis invention. 
>01 1] 

Embodiment of the Invention] The supermolecule enthesis ingredient of invention of having the description as 
x>ve is explained further. First, although the cyclic molecule of the supermolecule enthesis ingredient of this 
vention, in addition to this, has for example, alpha-, beta- or gamma-cyclodextrin, and similar cyclic structure, 
iey may be various kinds of things, and it has things, such as a polyether of cyclic structure, polyester, a 
slyether amine, and polyamine. And as a water-soluble straight chain-like giant molecule, you may be a 
Dly ether, polyester, etc., for example, it is the block copolymer of a polyethylene glycol or a polyethylene 
ycol, and a polypropylene glycol, and number average molecular weight is illustrated as one of what [ the ] has 
30-5000 [ suitable ] and the suitable thing which is 400-2000 desirably. As a giant-molecule end group, an 
igopeptide chain, an oligosaccharide chain, or an ester group is illustrated as a suitable thing. More specifically 
repeat unit is 1-5. As configuration amino acid For example, an alanine, A valine, a leucine, an isoleucine, a 
ethionine, a proline, a phenylalanine, A tryptophan, an aspartic acid, glutamic acid, a glycine, a serine, 
ireonine, a thyrosin, a cysteine, a lysine, an arginine, and a histidine either Independent or the oligopeptide 
lain which consists of plurality, The oligosaccharide chain with which a repeat unit is 1-5, and consists of a 
sxtran, hyaluronic acid, a chitin, chitosan, an alginic acid, chondroitin sulfate, and starch as a configuration 
)lysaccharide, or the thing which has an ester group is mentioned. 

01 2] Macromolecule quantification of the macromolecule end group may be connected and carried out with 
e suitable reactant compound. The following are illustrated as a typical configuration. That is, the block 
>poiymer of the polyethylene glycol which is a straight chain-like giant molecule or a polyethylene glycol, and a 
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polypropylene glycol is the supermolecule enthesis ingredient which made the frame structure which introduced 
in oligopeptide chain, oligosaccharide, or an ester group as a chain (biodegradation nature machine) which has 
)enetrated the cavernous section of two or more cyclic molecules (cyclodextrin), and is disassembled into the 
>oth ends of the block copolymer of the poly RECHIN glycol or a polyethylene glycol, and a polypropylene glycol 
>y the time amount unique target in an enthesis part. 

0013] The polyethylene glycol which is the straight chain-like giant molecule penetrated to the cyclodextrin 
vhich is a cyclic molecule, Or while demonstrating the dynamics property which was excellent with the 
supermolecule structure which consists of a block copolymer of a polyethylene glycol and a polypropylene 
[iycol and rebuilding the organization in an enthesis part When the oligopeptide chain which is the 
iiodegradation nature machine introduced into the end of a straight chain-like giant molecule, an 
sligosaccharide chain, or an ester group hydroiyzes after organization reconstruction (time limit target) 
Cyclodextrin ****s and disappears from the block copolymer of a polyethylene glycol or a polyethylene glycol 
in d a polypropylene glycol at an once term. By this imp le mentation, the configuration of the ideal enthesis 
squipment which has the outstanding dynamics property over a long period of time and a quick disappearance 
property after fixed time amount is attained. 

0014] The stage to carry out decomposition disappearance with the time amount which demonstrates a 
lynamics property effective in a therapy, and its rate are controllable by controlling the crystallinity by the 
upermolecule, the hydrolysis rate of an end group, the desorption rate of a cyclic molecule, and the amount of 
•enetration per chain. It is possible to demonstrate a dynamics property required for organization 
econstruction according to the supermolecule structure which consists of a cyclic molecule and a straight 
hain-like macromolecule. It can be made to disappear promptly from an enthesis part by dissociation of a 
upermolecule based on hydrolysis of an end group after reconstruction. It is expected that the high therapy of 
ffectiveness (dynamics property) and safety (dissociation of a supermolecule) is attained to use in a unit by 
his in organization reconstruction in orthopedics or an oral surgery field several months. 
3015] Then, an example is shown below and this invention is explained to it in more detail. 
3016] 

Example] (Example 1) 

according to the synthetic degree type of the poly rotaxane, the poly rotaxane was compounded with the 
allowing procedures. 
301 7] 

r ormuIa 1] 
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HO-PEG-OH 




HOOC(CH 2 ) 2 OCO-PEG-OCO(CH2) 2 COOH 

O 



DCC 



O 



HO 



o 



iy~OOC(CH 2 ) 2 OCO-PEG-QCO(CH 2 ) 2 CO O 



H 2 N-CH 2 CH a -NH 2 
H 2 N<CH 2 ) 2 NHCO(CH 2 ; 2 OCO-PEG-OCO{CH 2 ) 2 CONH(CH 3 ) 2 NH 2 



a-CD 



H 2 N(C^NHCO<C^)2O^-pQ-oQ>(C0) 2 CONK{CH 2 ) a NH 2 



Z-L-Phe-OSu 



O, o 
NH(CH 2 ) 2 j^Yw^^ 



3018] (1) The installation PEG (molecular weight 3300 and 33g, 10mmol) of the ester bond to a PEG end was 
issolved in toluene 220ml, the succinic anhydride (20g, 200mmol) was added, and it flowed back at 150 degrees 
' for 5 hours. The solution was condensed, it supplied to the ether and precipitate was obtained. It dissolved in 
ie methylene chloride and centrifugal separation removed insoluble matter The supernatant was condensed, it 
upplied to the ether and white precipitate was obtained. Yield of 27. 5g. 

I) The succinimideHzed carboxyl group-ization PEG (g [ 20 ], 5.7mmol) of a PEG end was dissolved in a 
lethylene chloride / 350ml of dioxane (1:1) mixed solvents under ice-cooling, and N-hydroxysuccinirnide (17/1g, 
48.2mrnoI) was added. The N,N'-dicyclohexylcarbodiimide (23. 5g, H4mmol) which dissolved in the 50ml of the 
lixed solvents same here was added, and it stirred at the room temperature for 24 hours. The reaction back 
lult was carried out, urea was removed, and the filtrate was put in the cool place overnight. It filtered again, 
nd condensed and white precipitate was obtained by supplying to the ether, Yield of 18,25g. 

0 It applied to the ethylenediamine (0.4ml, 6mmol) which dissolved the introductory succinimide-ization PEG (g 
10 1 2.7mmol) of the amino group to a PEG end in 50ml of methylene chlorides, and dissolved in 75ml of 
sethylene chlorides for 30 minutes, was dropped at it, and stirred at the room temperature for 1 hour It 
jpplied to the ether after a reaction and precipitate was obtained. Yield of 9.44g. 

0 Preparation alpha-CD (23.95g, 24.6mmol) of pseudo-poly rotaxane was dissolved in 1 55ml of water, and the 
aturated water solution was prepared Amination PEG2g dissolved in 10ml of water was dropped here, and it 
:irred for 10 minutes. Furthermore, the supersonic wave was irradiated for 10 minutes, and it put at the room 
jmperature overnight Centrifugal separation recovered the produced precipitate, and after washing with water, 
educed pressure drying of it was carried out. Yield of 9.75g. 

0 Synthetic Z-L-Phe-OSu (3.97g, 10mmol) of the poly rotaxane was dissolved in DMSO (6ml), pseudo-poly 
vtaxane (35 average CD penetration) (3.76g, O.lmmol) was added, and it stirred at the room temperature. In 
~der to maintain the reaction solution of an ununiformity condition at homogeneity, 1ml of 24-hour back DMSO 
as added, also 24 more hours after 1 ml of DMSO was added, and the reaction was performed for a total of 96 
3urs. It supplied to the ether after a reaction and the white rough product was obtained. An acetone and water 
ashed and refined the rough product Yield of 0.933g. 
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7GA of the poly rotaxane obtained in the thermogravimetric measurement (TGA) of the poly rotaxane and 

composition of the differential-scanning-calorimetry (DSC) above and DSC measurement were measured in 20 

degrees C - 320 degrees C. It carried out by 2m g of samples, and the programming rate of 2 degrees C / min. 

DSC measurement was performed under the nitrogen air current. 

001 9] The result was shown in the next table 1 . 

0020] 

Table 1] 

nv ****><nm&&mm <tga) axz^Tpm^mmmim <ds« 









PEG 


58.7 


216.9 ' 


a -CD 




275.0 






292.8 : 






298.0 



,0021] As a result of TGA and DSC, as for the melting point, pseudo-poly rotaxane and the poly rotaxane were 

lot seen, but only the decomposition temperature of about 300 degrees C was observed. 

0022] 

Effect of the Invention] It is possible to demonstrate a dynamics property required for organization 
econstruction according to the supermoiecuie structure which consists of the cyclic molecule and straight 
;hain-like macromolecule of this invention. It can be made to disappear promptly from an enthesis part by 
iissociation of a supermoiecuie based on hydrolysis of an end group after reconstruction. It is expected that 
he high therapy of effectiveness (dynamics property) and safety (dissociation of a supermoiecuie) is attained 
o use in a unit by this in organization reconstruction in orthopedics or an oral surgery field several months. 
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